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INTRODUCTION 


Several years ago the writer, at that lime connected with the Wash- 
ington State Agricultural Experiment Station, in cooperation with Mr. 
N. 0 . Booth, the horticulturist of that Station, undertook an investiga- 
tion of the, possibilities of slowing up the ripening of fruits by means other 
than cold storage. While these investigations were in progress, Mr. 
Booth severed his connection with the Station, but it was understood 
that he would continue the studies in his new location. For that reason 
no report of our observations at that time has ever been published; but, 
since no publication of the results of further work along this line has 
appeared, the writer feels at liberty to assume that the investigation has 
been discontinued and to discuss briefly the observations which were 
made, since they form the starting point for the studies to be reported 
in this article. 

Since the term “ripening” is used to designate various different stages 
in the development of fruit, it is first necessary to define it as it will be 
used in this article. Seeds upon ripening usually lose water and go into 
a resting stage from which germination may take place. But the flesh 
of an apple (Ma/ar spp.) or similar fruit has no definite connection with 
the life history of the embryo of the seed; hence, its "ripeness” can not 
be measured in terms of the germination ability of the seed. The fruit 
itself goes through the following stages of development. There is first a 
period during which the fruit is growing— i. e., increasing its weight of 
dry matter. At the end of this period, no matter whether the fruit 
remains on the tree or is picked off, growth ceases and chemical changes 
set m which result in the development of the characteristic odor and 
flavor and later in the disintegration of the flesh of the fruit. When this 
disintegration proceeds far enough, the fruit becomes soft, mushy, or 
overripe, and usually at either this or some preceding stage organisms of 
decay gain entrance to the tissues, and the fniit rots. In the absence 
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of infection with any’ germs of disease or decay, the fruit loses water and 
shrivels up to a withered mass. The group of changes that take place 
during thf second of these stages-i. e., the period between the cessation 
of growth and the disintegration of the tissue until it becomes soft or 

mushv— will be termed the “ripening process.” . 

The^ object of all storage or preservation of fresh frmt is to slo p 
the ripening process and so to prolong this period as much as possible. It 
is a well-known fact that temperature has an important effect upon t e 
rapidity with which these changes take place. It was the object of t 
studies referred to above to determine whether other factors also influence 
the rate of these changes- and whether they are due in part to infection 
with disease germs or are wholly enzymic in character. 

Two general methods of study were attempted. First, an attempt 
was made to surround individual apples with a film or coating wh.e 
would prevent gaseous exchanges and bactenal infection. Repeated 
efforts to secure a perfect film of this sort with a variety of different 
materials proved failures; so this method was abandoned. TJe 
method involved the sealing up of the apples in atmospheres ^ J 
pure gases under as nearly sterile conditions as possible m order to p e- 
vent Lth disease infection and the ordinary S^seous exchanges. S 
eral large glass bottles, each capable of holding about a of appK 
were fitted'with tight stoppers provided with a glay 
to the bottom of the bottle and an exit tube extending just through the 
cork Carefully washed apples were rinsed in a dilute solution of for- 
mlfdehyde, Jowed by distilled water, ^d -"y 
into the iars and the stoppers sealed in. The apples were o the Alex- 
andel vakty and were almost ripe-i. e., they would only keep a few 
dayrionger without becoming soft. After sealing in he stopper t 
inllt tube was connected to a supply of pure gas and the latter pas 
through until no air could be detected in the gas issuing from the exit 
tSbe, when the glass tubes were melted off, thus effectively 
This method did not, of course, remove the air contained in the tiss 
f the armies themselves but this was relatively small in amount. 

Each of five jars was filled with one of the followdng gases: Hydro,^. 
nitrogen oxygei carbon dioxid, and sulphur dioxid; a sixth was realed 
SthTs oXry air content. No moisture-absorbing material wa 
placed in the jars, as it was thought that this would P^^^^uce abnorma f 
moid losses by evaporation from the tissues of the fniit. Furthe , 
rerognized chimical changes in the fruit during the npemng process 
prob^ly not influenced by the moisture content of the j 

lo that the saturation of the air in the jars with water vapor eva^ 
from the fruit would not be likely to influence the nature cha g 

while constant absorption of this vapor would mean rapid shnve 

‘“ars were left in a warm, light laboratory and were exami^J 
from tiL to time. The apples in air continued to npen normal y 
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in about four weeks were visibly overripe, the lower ones beginning to 
collapse under the pressure of the weight of the upper layers. Those in 
oxygen seemed to ripen a little more rapidly, but the difference was not 
nearly so great as had been expected and was hardly enough to warrant 
any conclusion that pure oxygen hastened the ripening process. Those 
which were surrounded by nitrogen and hydrogen did not soften so 
noticeably, but became discolored and rmhealthy in appearance, a phe- 
nomenon later observed and reported by Hill (8).‘ After some 8 or ro 
weeks, however, these apples also softened into a mushy mass. The 
apples in carbon dioxid and in sulphur dioxid remained apparently firm 
and unchanged for a long time, except that the latter gas completely 
bleached the skins of the apples in its jar, leaving them a uniform creamy 
white in color. After nearly six months had elapsed, these jars were 
opened and the fruit exanrined. That which had been in an atmosphere 
of sulphur dioxid was firm and soUd, but was, of course, so thoroughly 
impregnated with the disagreeable gas that its quality could not be 
judged. The apples which had been in carbon dioxid were firm in flesh, 
possessed the characteristic apple odor, although the gas in the jar had a 
slight odor of fermented apple juice, and were not noticeably injured in 
flavor. 

It appeared, therefore, that the phenomena ordinarily associated with 
ripening were greatly inhibited by an atmosphere of carbon dioxid, but 
that the cause of this inhibition was not wholly a lack of oxygen. It 
seemed that the changes taking place in the apple were not simple 
respiratory changes, but probably in large part were interna) enzymic 
activities. 

The experiment was repeated the following summer, using raspberries, 
blackberries, and loganberries instead of apples. It was found that 
berries which softened in 3 days in air would remain firm for from 
7 to 10 days in an atmosphere of carbon dioxid. At this point the 
studies were interrupted by a change in professional engagements and 
have not been resumed. 

Recently, Hill (8) reported a series of observations so similar in charac- 
ter that interest in the matter was revived; and opportunity being pre- 
sented for a systematic study of the eiizyms of apples by a graduate 
student® working under the writer’s direction, such a study was under- 
taken, with the results reported below. 

CHANGES IN CHEMICAb COMPOSITION OF APPLES DURING RIPENING 

The changes in the chemical composition of apples during ripening 
have been very thoroughly studied by Bigelow, Gore, and Howard (2). 
The report of their investigations contains a careful review of the liter- 
ature on the subject, together with significant contributions from the 


‘Reteren«isniadeSy number to "Literature cited." p. tio. 

t The writer's thunks are due to Miss lues Everett, the uToAuate stuAent who assisted in the preparation 
the material ior ezatninatkia and the carryias out oi the several tests. 
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work of the authors themselves. Briefly summarized, the results of 
these investigations show that the principal changes which take place in 
the apple during ripening are as follows : 

(i) A slight but continuous decrease in total ’ acidity calculated as 
malic acid. 

{2) A gradual decrease in sucrose. 

(3) A gradual increase at first, followed by a later slight decrease, in 
invert sugar and total carbohydrates calculated as invert sugar. 

(4) The disappearance of starch early in the ripening process. 

ENZYMS IN APPLES 

The literature which is avmlable to the writer contains very few 
references to any investigations of the enzyms that are present in 
apples. 

Lindet (9) found in the juice of apples a soluble ferment which causes 
coloration of the tissues by the absorption of oxygen and the giving off 
of carbon dioxid, which is inoperative when the juice has been boiled, 
which may be precipitated from the juice by alcohol, and which oxidizes 
pyrogallol to purpurogallin. He concluded that the coloration is due to 
oxidation of tannin by a soluble ferment of the kind designated by 
Bertrand as laccase {now called “oxidase”). 

Warcollier (12) is the only other author who reports work on enzyms 
in apples. Although he w'as unable to find invertase in apple juice, he 
believes that it must be present in order to account for the apparent 
inversion of sucrose during the ripening process. He suggests that the 
enzym may have been retained by the apple marc and consequently may 
have escaped his observation. 

The meagemess of the work which has been done along this line is 
probably due to the fact that the flesh of the apple is not an important 
element in the physiology of the plant’s growth and has little scientific 
interest to students of plant physiology or biochemistry. But its eco- 
nomic importance and the desirability of knowledge concerning the 
ripening process as a factor in the storage of perishable fruit products 
are apparent and, in the writer’s opinion, fully justify a thorough study 
of the subject. The present paper does not constitute an exhaustive 
report. It does not include, for example, a comparison of enzymic 
activity of rapidly maturing varieties of apples as contrasted with those 
which ripen more slowly and, hence, are better keepers. It is believed, 
however, that the facts here presented will serve as a foundation for such 
further work as may be found desirable. 

EXPERIMENTAL WORK 

The apples used in these investigations were secured from an orchardist 
in the State of Washington and were of varieties known to be good 
keepers— i. e,, slow in ripening in storage. 



Enzyms of Apples 107 


preparation of material for examination 

The first problem was naturally that of securing an extract of the cell 
contents of the apple pulp which would contain the enzyms in active 
form. Since it was not known whether any or all of these enzyms 
would be diffusible through the cell walls (extracellular), a preliminary 
mechanical rupturing of the cells or rendering of them permeable by 
drying, according to weU-known methods of technique in enzym study, 
was necessary. Several methods were tried, as follows : 

(1) Whole apples were run through a horse-radish grater and the 
resulting pulp pressed in an ordinary laboratory hand press. The 
resulting juice was thick, with small particles of pulp, and attempts 
were made to clarify it by filtration. These were unsuccessful because 
of the clogging of the filter by the pectin bodies of the juice. 

(2) Apples were rasped and pressed as before and the juice allowed 
to stand for some time, during which the suspended solids settled fairly 
well, and the supernatant clear juice was decanted. Precautions against 
enzymic activity during the settling were taken by keeping the settling 
jars in an ice box. 

(3) An attempt was made to secure a dry powder of the apple pulp 
by drying thin slices in a vacuum desiccator over sulphuric acid ; but 
the large proportion of sugars and pectin bodies in the tissue made 
this impossible, the slices being gummy and impossible to grind into a 
powder even after six weeks’ exposure in the desiccator. 

(4) Thin slices of apple pulp were treated by the acetone-ether method 
first used by Buchner, Albert, and Rapp (1) in the preparation of 
Dauerkefe, or active dry yeast powder. This process was very satis- 
factory, the apple slices, after the treatment and exposure to the air 
overnight, becoming so dry and brittle that they could easily be powdered 
between the fingers and very easily reduced to a fine powder in a mortar. 
Several investigators have reported that the enzymic activity of the 
dry powder so prepareebis not less than that of the original tissue, and 
the writer’s observations confirm this. This appears to afford an 
excellent means of preparation of sugary or gummy materials of this 
kind for enzym extractions. 

(5) Apples were peeled and cored, and the flesh cut into small blocks. 
These were then mixed with an equal weight of sharp quartz sand and 
the mixture rubbed gently in a mortar until uniformly disintegrated. 
The mixture was then transferred to a fine silk cloth and pressed gently. 
By this means a limpid juice could be obtained which was nearly free 
from pectin materials, although slightly cloudy with suspended particles 
of pulp. Experience has shown that harsh grinding and severe pressure 
result in diminished activity of the juice, particularly in its oxidase 
activity, but with gentle manipulation, as above, very active juice can 
be obtained. 



io8 Journal of Agriculiural Research vo1.v,no.3 

(6) A quantity of concentrated apple juice prepared by Gore (6) by 
his freezing method was secured and used in some of the tests, since 
it was thought that this process would be likely to leave the enzyms 
uninjured in the juice. 

EXAMINATION OP DIFFERENT PREPARATIONS FOE ENZYMS 

In the earlier examinations reported below, several different prepara- 
tions were examined simultaneously for the particular type of enzym 
which was being sought, in order to avoid any wrong conclusion from 
improperly prepared material. Experience soon showed, however, that 
either the acetone-dried powder or the pulp ground with quartz sand 
would yield active extracts in every case where activity could be found 
in material prepared by any of the above methods, and one or the other 
of these two preparations was used in all the later tests. The acetone- 
dried powder has the advantage that a considerable quantity of materia! 
can be prepared at one time for subsequent examination. 

DIASTASES 

Diastases have been shown by Thatcher and Koch (ii) to be readily 
diffusible into water surrounding cell tissues. It seemed probable, there- 
fore, that if enzyms of this type were present in apple flesh they would 
appear in juice expressed from pulp after thorough rasping. Samples 
of clear juice by decantation were secured from three different varieties 
of apples and tested for diastatic activity. Four separate mixtures 
were prepared for each variety of juice. The first contained lO c. c. of 
a 10 per cent solution of soluble starch prepared by the Lintner method 
(5), 10 c. c. of the juice in question, and 10 c. c. of distilled water. The 
second contained 10 c. c. of soluble starch, 10 c. c. of the juice which had 
been boiled for 10 minutes and made toils original volume rrith water, 
and 10 c. c. of distilled water. The third contained 10 c. c. of soluble 
starch, 10 c. c. of the unboiled juice, sufficient N/ro sodium hydroxid 
(NaOH) to exactly neutralize the juice used (determined by a preliminary 
titration, using phenolphthalein as indicator), and enough distilled water 
to make the total volume 30 c.c. The fourth, or control, contained loc.c. 
of soluble starch and 20 c. c. of distilled water. The contents of each flask 
were thoroughly mixed and an aliquot drawn off for the determination 
of reducing sugars present in the solution. The flasks containing the 
remainder of the solution were then placed in an incubator for 30 min- 
utes at 40° C., these being the conditions recommended by Sherman, 
Kendall, and Clarke (10) for all determinations of diastatic activity. 
At the expiration of this period action was stopped by adding sufficient 
Njio sulphuric acid to make the total volume a Njzoo solution, and an 
aliquot equal to that taken before the digestion was drawn off for the 
determination of its reducing sugar content. The soluble proteins were 
precipitated and the reducing sugars determined by the method out- 
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lined in the article by Thatcher and Koch (ii). 'The results obtained 
are given in Table I, 


TablB I . — Results of tests for diastase in the flesh of apples 


Variety and material. 

Reducing sugars. 

Before action. 

After action. 

Jonathan: 

Cm. 

0. 0192 

Gm. 

0. 01S3 
. 0212 






None. 

yellow Newto™ Pippin: 

.0113 
. 0217 


. 0212 



None. 


Rome Beauty: 

. OO9S 
. 0202 


. 0207 



None. 

None. 



At a later date, when other preparations of apple material were avail- 
able, tests were made of the reducing sugars present in equal aliquots of 
soluble-starch solution which had been digested for 30 minutes at 40° C,, 
with both boiled and unboiled extracts of these materials, with the results 
given in Table II, 

Tabis II.— Results of tests for diastases in various preparations made from the flesh of 

apples 


Material. 


Redurin? sugars found after 
action. 


Water extract of acctone-dried pulp 

Juice cmicentrated by Gore ’s process 

Juice from pulp ground with quartz sand. 


Active extract, j 

Boiled extract. 


Gm. 

0. 0202 , 

0 . 0207 

■ 0356 

•0351 

• 03'^ 

.0316 


From these results it is evident that the juice contained no diastases. 
It appears, therefore, that after the starch disappears from the apples 
the diastases also disappear. None of the apples which were available 
for these investigations contained any starch. 


INVKRT.ASe 

Invertase was tested for in two samples by a method precisely like 
that used for diastases except that 10 c. c. of a 10 per cent solution of 
sucrose were used in place of the soluble starch. The results obtained 
are given in Table III. 
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Table III . — Results of tests for invetiase in the flesh of apples 


Variety and material. 

Reducing sugars. 

Before action. 

After action. 

Yellow Newtown Pippin: 

Gm. 


Decanted juice 

0. 0113 

a 01 13 

Decanted juice (boiled) 

. 0212 

.0217 

Decanted juice (neutralized) 

.0113 

. 0103 

Control (water only) 

None. 

None. 

Rome Beauty: 


! 

Decanted juice 

. 0098 

1 . 0103 

Decanted juice (boiled) : 

. 0202 

. 0207 

Decanted juice (neutralized) 

.0103 

.0113 



None. 


1 


These results being so contrary to what was expected, it was thought 
best to use material prepared for examination in several other ways in 
testing for invertase. Accordingly, a water extract was made of some 
acetone-dried powder from Rome Beauty apples, another sample of the 
same apples was ground with quartz sand and its juice expressed, and 
finally a sample of the Gore’s concentrated apple juice was diluted to 
about the same concentration as normal apple juice. Each of these 
materials was then incubated with sugar solution in the usual way, using 
unboiled and boiled samples of both the acid and neutralized juice in each 
extract. The reducing sugars found in the digested mixture from the 
unboiled or “active” extract and from an equal aliquot of boiled extract 
are given in Table IV. 

Table IV . — Tests for invertase in various preparations from the flesh of apples 


i Rniuring sugars found after 
action. 


Material. 


1 

i Active extract. 

1 

Boiled atract 


Gm. 

0. 0207 
.0396 
.0376 
. 0192 
. 0192 

Gm. 
a 0207 
.0396 
Lost. 

. 0187 
. 0193 




Juice from pulp ground with quartz sand (neutralized) — | 


The results shown in Tables III and IV indicate the absence of any 
invertase in apple flesh and confirm the observations of Warcollier (12), 
referred to above. It appears, therefore, that changes during ripening 
which result in the inversion of sucrose, if they actually occur, must be due 
to some other cause than the presence of invertase in the apple tissues. 
The fact that some investigators have not been able to find evidence of 
this inversion of sucrose during ripening casts some doubt upon its actual 
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occurrence, there being always the possibility that observed changes in 
the nature of the sugars present in successive samples may be due to the 
action of organic adds during the preparation of the samples for analysis. 

TANNASE 

Determinations of the tannin content of each of the four varieties of 
apples which were being used by Proctor’s modification of Ddwenthal’s 
method ‘ showed that the flesh of the apples contained the following per- 
centages of tannin; Rome Beauty, 0.208; Arkansas Black, 0.192; Yellow 
Newfown Pippin, 0.208; King David, 0.132. 

It seemed advisable to ascertain, therefore, whether any tannin- 
hydrolyzing enzym was present in these tissues. Accordingly, a quantity 
of pulp from each variety was ground with quartz sand and the juice 
expressed. One portion of the juice from each variety was boiled and 
another left unboiled. Aliquots of the boiled and unboiled juice were 
placed in each of two test tubes, to one of which 2 c. c. of a 10 per cent 
solution of Merck’s tannic add was added, in order to insure suflfident 
excess of substrate material. The four sets of four tubes each were placed 
in an incubator at 40° C. for 24 hours. At the end of this time a few drops 
of a 10 per cent solution of ferric chlorid were added to each test tube 
and the intensity of color developed in the tubes containing check boiled 
and unboiled juices was compared. In no case could the slightest 
difference in intensity of color be observed, from which it was concluded 
that the juices contained no tannase. 

EMULSIN 

Glucoside-splitting enzyms were tested for in boiled and unboiled 
juices prepared from each of the four varieties of apples by digesting 
aliquots of these juices with 2 c. c. of a i per cent solution of amygdalin for 
24 hours at 40° C. In no case was any odor of benzaldehyde perceptible 
at the end of this time, while check tubes to which emulsin was added 
gave a pronounced odor after only 10 minutes’ contact with the amyg- 
dalin used. Hence, it was concluded that the apple flesh contains no 
enzym of the emulsin type. 

ESTERASES 

One of the noticeable changes in an apple during the ripening period 
is the development of its characteristic odor and flavor, due chiefly to 
the ester ethyl malonate. Such esters are usually accompanied in nature 
by a corresponding esterase; hence, it seemed advisable to test the flesh 
of the apples for an esterase which would hydrolyze ethyl malonate. 

Accordingly, apple juice was obtained by the quartz-sand method and 
a series of test tubes prepared with the following contents: (i) 5 c.c. 
of apple juice, 5 c. c. of ethyl malonate, and 10 c. c. of distilled water; (2) 
5 c. c. of apple juice which had been previously boiled for 10 minutes. 


^ Wiley. H. W., et al. Official and provisional methods of analysis. Association of Official Agricultural 
Chemists. U. S. Dept Agr. Bur. Chem. Bui. 107 (rev.), aja p. 1908. See p. 150. 
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cooled, and made up to its original volume, 5 c. c. of ethyl malonate 
and 10 c. c. of distilled water; (3) $ c. c. of apple juice, 5 c. c. of ethyl 
malonate, sufficient N/io sodium hydroxid to render the mixture alka- 
line in reaction, and enough distilled water to make the total volume the 
same as in the other tubes; (4), (5), and (6) the lame as (i), (2), and (3), 
respectively, except that a o.i per cent solution of steapsin was used in 
plaee of the apple juice, as a check upon the reaction conditions. These 
mixtures were kept in an incubator at 40° C. for 20 hours, after which an 
aliquot of the mixture was drawn off and titrated with N/ioo sodium 
hydroxid, using phenolphthalein as indicator, with the results given in 


Table V. 

Table V . — Test for esterases in the flesh of apples 
(Kthyt mftlonatr used as substrate] 

Material. | 

N/iod alkali 
• required. 


c. c. 
^2 
7-5 
“39-8 






40-9 



4 la addicioa to Nlio sodium hydroxid used to snake ttacUon alkaline. 


The data presented in this table clearly indicate the presence in the 
juice of an esterase capable of hydrolyzing ethyl malonate and similar 
in its action to steapsin. A slight increase of acidity in test tube (i) 
over that in (2) indicates a slight hydrolytic action even in the acid 
medium of the unneutralized juice; while in alkaline medium the activity 
was almost identical with that of the o.i per cent steapsin acting in a 
similar medium. 

OXIDASES 

Owing to the fact that Lindet’s observations (9) mentioned above, 
the well-known phenomenon of the coloring of apple tissues when exposed 
to the air, and the qualitative guaiac reaction for oxidases all point to 
the pre&nce of active oxidases in apples, a quantitative determination 
of their presence in the different samples available for this investigation 
was determined upon. Bunzel (3) has shown the objections to the 
various methods which have been proposed for the quantitative meas- 
urement of oxidase activity by various colorimetric determinations and 
has perfected a manometric method for the purpose. Correspondence 
vrith Dr. Bunzel resulted in his kind permission to make use of his appara- 
tus for the investigation of the materials used in this study. Several 
samples were accordingly taken to his laboratory and their action toward 
various oxidizable materials determined according to his method. In 
carrying out the operation, o.i gm. of the acetone-dried powder or 2 
c. c. of the apple juice obtained by the quartz-sand method were intro- 
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duced into one arm of the apparatus, o.oi gm. of the material to be oxi- 
dized placed in the other arm, the proper amount of distilled water added 
in each arm, and the apparatus placed in the constant-temperature box 
and allowed to stand for 30 minutes to come to a uniform temperature. 
The apparatus was then closed, the shaking started, and the manometer 
readings taken at rs-minute intervals. The final readings, with the 
kind of mat^al and nature of oxidizable reagent used in each case are 
given in Table VI. 

TabcB VI.— Oxidase axtixity of oaribus apple preparations toward different oxidisabU 
reagents 


Variety and material. 

Oxidbabk reaitnit. 

Timftof 

nuccimiuii 

action. 

Rome Beauty: 

Acetone-dried powder 

Do 

Pyrogallol 

Min. 

P 

60 

Do 


Do 




Yellow Newtown Pippin: 

Acetone-dried powder 

Do 

Pyrogallol 

0 0 t-rt 

Do 


Do 


King David: 

Acetone-dried powder 

Do 

P>'roganol 

60 

60 

60 

Do 


Do 


Arkansas Black: 

Acetons-dried powder 



Do 


45 

Do 


Do 



Juice from pulp with quartz sand 

Do 

Pyrogallol 

30 

30 

Juice from pulp with quartz sand(boiled). 
Do 

Pyrogallol 

. 




Diminished 

pressure. 


Cm. 

0 . 10 
. 60 


0 

o 


•35 
I- 75 
• >5 


. 20 

!• 45 
•>5 


•5S 


1-45 

3-50 


These results clearly show that apple pulp and apple juice contain an 
.active oxidase, or oxidases, which accelerate the absorption of atmos- 
pheric oxygen by pyrocatechol and pyrogallol, and to a slight extent by 
guaiacol. The activity toward pyrocatechol is much greater than toward 
the other reagents, indicating the probability that the tannin of apples, 
which is so readily oxidized on exposure to air under the influence of the 
oxidases present, is of the pyrocatechol type. 

PROTBASBS 

Protein-splitting enzyms in the flesh of the apple were tested for as fol- 
ows. A saturated solution of egg albumin was prepared and 5 c. c. of 
It were placed in each of three test tubes. In one of these, 5 c. c. of apple 
juice, prepared by grinding the pulp with quarU sand, were added; to 
e second, 5 c. c. of the same juice, which had been boiled for ro minutes, 
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cooled, and made to its original volume; and to the third, 5 c. c. of dis- 
tilled water. Another set of three test tubes was prepared with the same 
proportions of materials, but using a i per cent solution of Witte’s peptone 
in place of the albumin solution. The tubes so prepared were kept in an 
incubator at 40° C. for 24 hours. At the end of this time an aliquot of 
each mixture was drawn off and the quantity of amino adds present in it 
determined by the ninhydrin method recently proposed by Harding and 
MacLean (7), using a solution of glutamic acid containing the equivalent 
of o.i mgm. of nitrogen in the amino-add form per cubic centimeter for 
the production of the standard color. 

The characteristic color due to amino adds appeared in all the tests 
except the one in which only water and albumin were used. The amino- 
add equivalent in each case, as determined by comparison with the stand- 
ard color, is given in Table VII. 


Table VII. — Tests for proteases in the flesh of apples 


Material. 

Amino-add 
eQuivalent after 
action (milli- 
grams of ni- 
trogen). 




.07 

None. 

. 10 


Unboiled juice + peptone 



■°3 



It appears from these data that both the juice itself and the peptone 
used contained amino acids which would give a blue color with the nin- 
hydrin reagent. But the incubated mixture of unboiled juice and albu- 
men contained more amino adds than that in which an equal volume of 
boiled j uice was used ; while with peptone no increase of amino add was pro- 
duced by the unboiled juice, and the total amino acid found was just equal 
to the sum of that found in the quantity of juice and of peptone solution 
used in the tests. It thus appears that the juice extracted by grinding 
with quartz sand contains a small amount of some protdn-splitting 
enzym of the trypsin or papain type rather than of the erepsin type. It 
was conduded, therefore, that the flesh of the apples contains a small 
amount of protease, to the action of which on the protein material of the 
apple cells is due the small amount of amino add found to be present in 
the juice of the ripening fruit. 

PECTINASES 

The fact that the flesh of an apple softens and becomes mealy or mushy 
at the close of the ripening period is generally attributed to the solution 
of the middle lamella and the consequent separation of the cells of the 
tissues. The solution of the middle lamella is supposed to be the work 
of an enzym known as pcctinase. It is supposed, therefore, that pecti- 
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nase occurs in ripening fruits. It was intended at tlie outset to ascertain 
whether a pectinase was present in the apples used in this investigation, 
but review of the literature dealing with methods of detection of pectinase, 
as summarized by Cooley (4) in a recent article, together with the unsat- 
isfactory results of Cooley’s own use of these methods in testing for pecti- 
nase in diseased plums, made it appear doubtful that accurate evidence 
on this point could be secured. Some preliminary tests of the methods 
which had been suggested confirmed the writer’s opinion in this respect, 
and the attempts were postponed until such time as more satisfactory 
methods of testing for pectinases have been devised. 

ENZYMS IN THE SEEDS OF APPEES 

Although the occurrence of different enzyms in the seeds of the apple 
would not have any bearing upon the ripening processes in the flesh of the 
apple and, hence, is of no importance to the particular object of this inves- 
tigation, such an excellent opportunity was offered to test for enzyms in 
the seeds at the same time that the tests were being applied to the flesh 
or juice, that it was determined to carry on such a series of tests. Ac- 
cordingly, a large number of seeds, some 20 gm. in all, were picked out of 
several apples, and the brown seed coat was picked from each seed. The 
white seeds were then kept for about two weeks in a vacuum desiccator 
until they were dry enough so that 'wjittn crushed they gave off no odor 
of benzaldehyde, thus indicating that*’not enough water was present to 
permit the glucosidase action to occur. 

A weighed quantity of the dry seeds was then ground in a mortar with 
sharp quartz sand until the seeds were thoroughly disintegrated. The 
material was then preserved in a tightly stoppered weighing bottle until 
needed for each test. For the tests, 2 gm. of the mixture, equivalent 
to I gm. of dry seeds, were digested at room temperature for 30 minutes 
with 100 c. c. of distilled water, and a filtered aliquot of this extract was 
used for the tests. A detailed description of the progress of each par- 
ticular test is unnecessary in this article, but the results obtained, based 
upon a comparison of unboiled and boiled extracts with water controls, 
show the following facts with reference to the presence of the various 
enzyms which were tested for in apple seeds: Diastases, present in con- 
siderable amount; invertase, absent; emulsin, present in considerable 
amount; lipase, present in small amount; protease, present (hydrolyzes 
both albumin and peptone) ; oxidases, absent. 

SUMMARY 

From the results of these investigations it appears that the only enzyms 
which participate in the changes in the carbohydrates of apples during 
the ripening process are oxidases. None of the common types of car- 
bohydrate-splitting enzyms could be found. The fact that the changes 
which take place during ripening are inhibited by surrounding the fruit 
m an atmosphere of carbon dioxid, as shown by the experiment described 
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in the opening paragraphs of this article, is easily explained on the basis 
of their being oxidase changes, since it is a well-known fact in enzymology 
that the presence of a lai^e excess of the end products of a reaction gen- 
erally inhibits the action of the accelerating enzym in increasing degree 
as the proportion of the end product increases. Carbon dioxid is un- 
doubtedly the end product of oxidase activity and should therefore 
accomplish just the result which was found to occur in the jar in which 
this gas was used. 

The small amounts of esterase and of protease which were found in the 
ripening apples indicate the possibility of the hydrolytic decomposition 
of the small quantity of essential oil and of protein material contained 
in the flesh of the apple during the ripening process or subsequent break- 
ing down of the tissue. 
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an automatic transpiration scale of large ca- 
pacity FOR use with freely EXPOSED PLANTS 

By Byman J. BriG<5S, Biophysicist in Charge, Biophysical Investigations , and H. B. 

ShanIZ, Plant Physiologist, Alkali and Drought Resistant Plant Investigations, 

Bureau of Plant Industry. 

INTRODUCTION 

An extended study of the transpiration rate of plants practically neces- 
sitates the use of an automatic balance of some type. The present paper 
contains a review of the various forms of transpiration balances hereto- 
fore employed, together with a description of a new automatic transpira- 
tion scale of large capacity, so designed that the plants may be freely 
exposed to the weather. Four of these scales have been in continuous 
use during the past four summers at Akron, Colo. 

Automatic balances may be divided into two classes: (i) The step- 
by-step type, in which small weights of equal value are added to the 
scale pan in succession or a counterpoise is advanced in equal steps; (2) 
the continuous record type, in which the plant is suspended from a spring 
or from a variable lever or is mounted directly on a float. 

RECORDING BABANCES OF THE STEP-BY-STEP TYPE 

Vesque {1878)' appears to have been the first to employ an automatic 
balance in measuring transpiration. He made use of the step-by-step 
principle, a measured quantity of mercury being delivered to a recep- 
tacle on the scale pan each time the beam tipped sufficiently to close an 
electric circuit. His apparatus is illustrated in figure i, the device for 
measuring the mercury being shown at s and enlarged at B. This meas- 
uring device is in principle similar to a large stopcock, in which the plug 
is only partially bored through from each side so as to form two shallow 
cavities of equal volume. Either cavity in its upper position becomes 
filled with mercury from the reservoir 1 . When the circuit is closed, a 
spring motor is released, which turns the plug through one-half a revolu- 
tion, dehvering the mercury in the cavity to the container a, and record- 
ing the time of the event by lowering the stylus p in contact with the 
circular plate v of the clock H. 

Anderson (1894) was the first to employ steel balls of uniform size as 
weights for a recording balance. The balls were held in a spiral brass 
tube, with a block at the lower end containing a pocket for one ball. 
When the balance beam tipped sufficiently to close an electric circuit, 
the block was moved sidewise and the ball in the pocket dropped into the 

1 BiblioKTaphic citatiuns iit p irmlheses Tffer to “ Literature cited." p. 151-132. 
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pan of the balance (hg. 2). The weight thus added opened the circuit, 
and a spring restored the block to its normal position, where the pocket 
was again filled by a ball from the reserve supply. Anderson did not 



Fio- 1. — Vesque's automatic balance for measuriag transpiration. In this apparatus measured quantities 
of mercun’ are added to the receiver on the balance pan to counterbalance the transpiration losses. 


place the plant directly on the balance, but used his apparatus to register 
the gain in weight of absorption tubes connected with the transpiration 
chamber. He does not describe the form of the recording apparatus 
employed. 

Ganong (1905) in his “autographic transpirometer” (fig. 3) combined 
the ball-dropping and the recording mechanism in a compact and con- 



venient form, one electromagnet serving both purposes. Steel balls 
one-fourth of an inch in diameter were employed as weights. Balls of 
this size approximate 1 gm. each in weight. The clock was so arranged 
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that by offsetting the cylinder daily a weekly recdrd could be obtained 
on one sheet. 

Transeau (1911), working with xerophytes, employed hollow brass 
balls standardized to 0.4 gm. in place of ;^-inch steel balls of i gm. weight, 
but states that the hollow balls are not as light as could be desired. The 
writers have found that ^-inch steel balls weighing 0.13 gm. can be 
readily used, provided the valve ‘ is constructed to fit them. 

Woods (1895) used the automatic weighing rain gage of Marvin (1903) 
as a transpiration balance, the apparatus being modified to record loss 
instead of gain in weight (fig. 4). In this apparatus the counterpoise is 



Fig. 3.— Ganong’s automatic traQspir<xnpter in wbich steel balls are employed 
as treiglits. 


moved along the beam in tV'S™- steps by a screw actuated by an electro- 
magnet carried on the balance itself. The recorder (fig. 5) is independent 
of the balance. 

Blackman and Paine (1914) have recently described a recording 
transpirometer operating on the step-by-step principle, in which “water 
drops are used in place of steel balls, the water being added directly to 
the soil.” Their apparatus has been represented schematically in figure 6. 
Water is allowed to drip continuously from a Mariotte system. During 
the greater part of the time the drops are intercepted by a movable 

^ For description of valve, see under “Bail-dropping device,” p. 123. 
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funnel and collected as waste water. When the plant through transpira- 
tion causes the balance beam to tip sufficiently to close an electric circuit, 
the funnel F is withdrawn by the solenoid A, and the water drops fall 
directly into a receiving tube leading to the soil in the pot. Water is thus 

added directly to the 
pot until the balance 
tips sufficiently in the 
opposite direction to 
close a circuit through 
a second solenoid B, 
which restores the 
funnel to its inter- 
cepting position. 
The time at which 
the circuit is closed is 
electrically recorded 
on a clock drum. 
The position of the 
contacts is adjusta- 
ble, so that the 
quantity of water 
added each time— i. e., the size of the steps — may be modified to suit the 
transpiration rate. This method is unique and advantageous in main- 
taining the moisture content of the soil constant throughout the experi- 
ment. Under freely 
exposed conditions, 
however, the quantity 
of water added each 
time would be variable 
and indeterminate, due 
to the oscillation of the 
balance by the wind. 

TRANSPIRATION BAL- 
ANCES OF THE CON- 
TINUOUS-RECORD 

TYPE 

The first continu- 
ously recording trans- 
piration apparatus ap- 
pears to have been de- 
vised by Krutizky 
(1878). It is of interest to note that the first step-by-step recording ap- 
paratus was described by Vesque in the same year. Krutizky’s appa- 
ratus is shown in figure 7. The water lost through transpiration from a 
potometer is continuously replaced through a siphon from a supply con- 



Tig. s.— The Marvio repster used by Woods for recordbg trans- 
piration. 



Fio. 4.— Woods' adaptation of Marvin’s weighing rain gage as a txans- 
plradon balance. In this apparatus the loss through transpiration 
is counterbslaaced by a weight contfoUed by a screw. 
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tained in a floating cylinder a, which rises as tfie load decreases and 
traces its movement on the smoked drum of a clock. Like other appa- 
ratus involving the 
principle of flotation, i 

this apparatus is sub- ( 

ject to errors arising f 

from changes in buoy- i 

ancy accompanying |||H UW 

changes in tempera- la££ 3 ======^J^ K 

ture. V 

A transpiration bal- ^ pttpw, 

ance devised by Rich- | JJ ^ , 3 , 

ard Fr^s (Burger- gS -j brp JI^ 

stein, 1904, p. 8-9) is a 

illustrated in figure 8. — ' J 


The balance is made 
very insensitive by a 
heavy bob. The 
movement of the bal- 


Pig. 6.~Schciiuitic diasram ol Eladunan and Paine's recording tran* 
spirometer, in which water is automatically added to the pot to offset 
the transpiration loss, so that the moisture content of the soil is kept 
uniform. 


ance pan from the “down” to the "up” position corresponds to a known 
loss in weight, depending on the weight and position of the bob. The 



Fiq. 7~Knitizky‘s potometer foriecording tran- 
slation, in which the loss from the potometer is 
continuously replaced from the supply in the 
floatiuE cylinder. 


movement of the beam is recorded 
directly on the drum of a clock. 

Copeland (1898) has described an 
apparatus (fig. 9) for recording tran- 
spiration in which the weight of the 
plant is balanced over a pulley by 
the weight of a partially submerged 
hydrometer bulb. The pulley shaft 
rolls on plate-glass supports to re- 
duce the friction. A tracer sup- 
ported from a second wheel records 
the motion on smoked paper on a 
clock cylinder. With its maximum 
load (3.5 kgm.) the instrument re- 
sponds to a change in weight of 
0.05 gm. 

Corbett (1900) has used a large 
Nicholson hydrometer for measur- 
ing transpiration, the plant being 
placed directly on the pan a of the 
hydrometer b (fig. 10). The appa- 
ratus is made self-recording by con- 
necting the float with the lever of 


an auxanometer. This apparatus, like that of Copeland, is affected by 
temperature, which changes the density of the water and consequently 
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its buoyancy. Temperature effects can, however, be practically elimi- 
nated by surrounding the hydrometer tank with a water-jacket, through 
which water is constantly circulating. The sensibility of the apparatus 
is determined by the cross section of the stem of the hydrometer. 


A NEW AUTOMATIC TRANSPIRATION SCALE OF LARGE CAPACITY 


The requirements of the transpiration studies at Akron necessitated an 
automatic weighing apparatus having a carrying capacity of 150 kgm,, 

capable of operating 
positively in the wind, 
and so designed that the 
plants could be freely 
and continuously ex- 
posed to the weather 
(PI. IX). A platform 
scale with agate bear- 
ings having a carrying 
capacity of 200 kgm. 
and asensibility of 5 gm. 
was chosen for equip- 
ment as an automatic 
balance of the step-by- 
step type {Pl,X). The 
scale was fitted with a 
short column so as to bring all the mechanism below the level of the top 
of the pot and was provided with the following auxiliary equipment: 



-The transpiration balance of Richard Frircs with its record* 
in:; apparatus. 


a. Ball-dropping device. 

b. Ball receiver on beam. 

c. Beam contact and mercury cups. 

d. Oil dashpot on beam. 

e. Spring motor for raising beam. 

/. Adjustable counterpoise for raising the center of gravity of balanced system. 

g. Recorder for registering time at which each ball is dropped. 

h. Batteries and relay. 

i. Case for protecting mechanism from the weather. 


The beam of the scale with a part of the auxiliary equipment is shown 
in fig. II. The operation of the mechanism is briefly as follows: As the 
plant decreases in weight, the beam falls until an electric contact is 
made at U. This closes a relay circuit, with the following results: 

1. The ball-dropping device A deposits a ball in the receiver T. The weight 

of this ball tends to raise the beam. 

2. The spring motor, by means of a cam K, raises the beam promptly and 

positively to its upper position. 

3. The time of the event is indicated on the drum of the recorder. 
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Ball-dropping device. — The ball-dropping device used in our experi- 
ments is shown in fig. I2. A commercial telegraph sounder provides 
an efficient mechanism for actuating the valve. When the circuit is 
closed, the slide A moves in the direction of the arrow and releases the 
lowest ball in the tube. The remaining balls are prevented from pass- 
ing down the tube by the upper septum B, which moves into the tube as 
the lower septum C moves out. UTien the circuit is broken, a spring 
restores the valve mechanism to its original position and the reserve 
balls slide down the tube so as to rest against the lower septum. The 
mechanism is now in 
position to drop 
another ball as soon as 
the circuit is again 
closed. 

As the discharged 
ball leaves the valve it 
drops into the bal- 
anced receptacle D, 
which tips downward 
under the weight of the 
ball, closing the circuit 
of the recorder through 
the mercury cups E be- 
low. The ball in the 
meantime rolls into the 
funnel and is delivered 
into the ball receiver L 
suspended from the 
balance beam. With 
this arrangement no 
record is made unless 
the ball is actually re- 
ceived in D, and a second ball can not be recorded until the first has 
been delivered and D has returned to its initial position. In very gusty 
weather there is occasionally a fluttering of the valve A, two balls being 
dropped in rapid succession. The second ball simply shoots over D 
into the waste cup and is not recorded. 

The tube holding the reserve supply of balls (fig. ii) is of glass bent 
into the form of an open spiral, and is joined to the valve tube by a 
conical adapter. The diameter of the valve tube at the septa must be 
only slightly greater than the diameter of the balls to insure the valve’s 
working properly, and the tube should taper gradually to this diameter. 
The distance between the adjacent faces of the two septa should also be 
equal to the diameter of the ball. Each septum when in its intercepting 



Fig. 9.— Copeland’s apparatus for recording transpiration in which 
the loss in weight through transpiration is counterbalanced by a 
change in portion of a partially submerged float. 
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position should extend into thp tube approximately one-fourth of the 
tube diameter. It is essential that the valve be accurately made to 
conform to the particular size of ball used as a weight. The inside of the 
valve tube should be kept smooth and clean by the occasional use of 
benzine, and the balls should also be kept polished. 

The balls used for weights were three-sixteenths of an inch in diameter 
and of first-quality hardened steel. They were found to be so nearly 
uniform in weight that no appreciable error is introduced by assuming 
them equal. The individual weights in milligrams of lo balls selected at 
random were as follows; 437.0, 438.5, 437,2, 437.7, 436.8, 437.6, 437,3, 

438-0, 437.5, 437.0. 
Mean, 437.4. Prob- 
able error for a single 
ball, 0.4 mgm., or i 
part in 1,000. 

Bali, receiver.— 
The conical receiver 
L for the balls is sus- 
pended from an ex- 
tension of the beam 
(fig. ii) on the same 
side as the load, since 
the added weight of 
the ball compensates 
for the loss by tran- 
spiration. The re- 
ceiver is suspended 
from a knife-edge 
which lies in the plane 
determined by the two 

Fig. la— Corbett’s apparatus for measuring transpiration in which the knifc-edgeS OH 

plant is carried on the pan of a large Nicholson hydrometer. ° 

the beam. The dis- 
tance from the central knife-edge is so chosen that the weight of a ball 
corresponds to a change of 20 gm. in the weight on the scale platform. 

The measuring tray shown in Plate XI affords a rapid means of count- 
ing the balls dropped during any period without touching them. Each 
complete row includes 10 balls, and the rows are graduated accordingly 
on the margin. It is essential that the lower end of the tray be cut 
obliquely so as to form an angle of 60° with the graduated side. 

D ASHPOT. — The oil dashpot (fig. 1 3) is an essential part of the apparatus 
when the balance is exposed to the wind. The resistance can be adjusted 
to some extent by turning the perforated plate on the top of the inner 
cylinder I. The outer cylinder O is mounted directly below the weight 
support on the beam, to which the inner cylinder is attached by the 
rod N. (See fig. 1 1 ,) 
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Spring motor for raising beam. — ^The dropping of a ball into the 
receiver is ordinarily sufficient to raise the opposite end of the beam 
and open the circuit. It sometimes happens, however, when the trans- 
piration rate is high and a gusty wind is blowing, that the beam remains 
down until the transpiration has been sufficient to require a second ball 



Fk. ii.-View of the bem ond auxiliary equipment of the platform transpiration scale desicned to carry 
latte poU of plants rrelghioe tso Item, or more. As the plant loses weieht, the beam falls ond the plat- 
inum point P closes a circuit throuth the mercury cup U. This actuates the ball dropper A which 
debits a ball m the receiver L. At the same time the cam K makes one revolution, raising the beam 
to Its upper position and leaving it free to fall. An oil dashpot is provided at O. 

to counterbalance the loss in weight. Under such conditions the balance 
would fail to operate without the intervention of some protective device. 

his protection is secured by a spring motor which raises the beam to 
Its upper position each time a ball is dropped and then leaves the beam 
The motor, which consists of a strong 8-day clock movement 
equipped with a fan, F (fig. 14), to reduce the speed, is controlled by 
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an electromagnet, M (fig. 15).. When the beam circuit is closed, the 
motor is released and raises the beam through a cam, K (fig. 14). When 
the cam shaft S (fig. 15) has completed one revolution, the arm H 
on the cam shaft again engages the spring R on the armature T of the 
magnet, and the motor is stopped. 

Adjustable poise for raising center op gravity of beam. — It is 
essential that the mercury contact on the beam be closed with a positive 
motion to avoid the fluttering of the relay armature. This is accom- 
plished by raising the center of gravity until the beam is slightly unstable, 
by means of an adjustable bob, W, located above the central knife-edge. 
(See fig. II.) 



Fig. ij.““ Details of the ball-dropping mechanism. The steel ball passes through the valve A into 
the tipping bucket D, which falls under the weight of the ball and closes an electrical circuit at E to 
the register. 


Marvin recorder. — A convenient type of recorder for registering the 
time at which each ball is delivered is that devised by Marvin for use 
in connection with automatic rain gages. This recorder has a drum, 12 
inches in circumference, which makes one revolution in six hours and 
is continously offset by a screw, so that the four 6-hour periods are 
recorded side by side on the same sheet. A valuable feature is a zigzag 
attachment on the magnet, by means of which the tracing pen is perma- 
nently displaced each time the magnet circuit is closed. This gives a 
record which is much easier to read than the ordinary record in which 
the pen returns to its initial position when the circuit is opened (fig. 16). 
The dropping of two balls in rapid succession is easily seen in the zigzag 
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record on account of the double offset, but is difficult to determine in a 
record of the ordinary type. 

Protecting case. — A tight weatherproof case inclosing the column 
and beam of the balance protects the automatic equipment from the 



Fig. 13.— Dashpot for preventinf the osdllation of the beam durinj 
windy weather. 


weather. The case is equipped with a removable top and a sliding front. 
The latter is also supplied with a smaller door through which the appa- 
ratus can be observed and adjusted. 



Pig. X 4 .— Spring motor, showing the cam K for nusing the beam, and 
the fan Ffor regulating the speed. 


Electric circuits. — The electrical connections consist of three cir- 
cuits (fig. 17), A single dry cell, B„ operates the relay through the beam 
contact. The ball valve and the motor release are connected in parallel 
'u a second circuit, B„ containing a battery of three or four cells. This 
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circuit is controlled by the rday contact. The recorder is operated by 
a third circuit, B3, controlled by the tipping bucket on the ball valve. 
Each circuit is closed only momentarily, and the dry cells usually need 
to be renewed but once during the summer. 

AUTOGRAPHIC RECORDS FROM THE AUTOMATIC TRANSPIRATION 

SCALE 

The results of our transpiration measurements will be presented in 
other papers, but it seems desirable to reproduce here several daily rec- 
ords illustrating the actual performance of the apparatus. A word of 

explanation in con- 
nection with the in- 
terpretation of the 
records may be help- 
ful. The clock dmm 
makes four revolu- 
tions during the day, 
so that the record is 
divided into four 6- 
hour periods. The 
pen is offset at the 
moment each ball is 
delivered. There are 
five such offsets or 
steps in one direction 
(up, for instance) and 
then five steps in the 
opposite direction. 
Since each offset cor- 
responds to a loss of 

Fig. IS*— Another vi«wof thespring motor.showiogthecoatrol merh- 20 am of watCF the 
aoism. When the magnet M is energized, the spring K attached to , ® ' * 

the armature T is pulled down, releasing the motor. Raising the int0rval frOIIl thc 
beam de-energizes M, so thatthemotor. after makingonerevoIutioD, crest tO the trOUPh of 

is stopped by H again coining in contact with R. ® 

the graph is the time 

required for the transpiration of loo gm. of water, or from crest to crest, 
the time interval for 200 gm. loss. 

The wheat records shown in figure 16 were taken from a series ob- 
tained in 1912 inside the screened inclosure used in the water-requirement 
experiments. The normal wind velocity was reduced somewhat by the 
inclosurc and by the proximity of other plants. The first record repro- 
duced Quly 2, 1912) was obtained on a clear day. It will be noted that 
the time interval shortens as midday is approached — that is, the tran- 
spiration rate increases and attains its maximum value about 3 p. m , 
after which it falls rapidly. The transpiration at night, represented by 





Fig. i 6.— Sample records from the automatic transpiration scale. Each step corresponds to a transpiration loss of ao gm., or zoo gm. from crest to trough of the graph. 
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the two lower lines of the graj>h, is seen to be very small as compared 
with the day transpiration. 

The second graph for wheat (July 14, 1912) was selected to show the 
effect of cloudiness in the afternoon, beginning at 3.30 p. m. The change 
in the transpiration rate is seen to occur soon after this, and the tran- 
spiration between 5 and 6 p. m. is very low compared with that on a 
clear day, as shown by the first chart. The transpiration during the 
night of July 14 was higher than during the night of July 2. Automatic 
measurements with a wet-bulb instrument show that the air contained 
less moisture during the night of July 14 than during the night of July 
2, which would account for the increased transpiration. The tempera- 
ture on the two days was practically the same. 

The third chart shows a record of a pot of alfalfa, taken outside the 
inclosure. The plants were freely exposed to the wind, which ranged in 
velocity from 7 to 14 miles per hour during the morning and from 2 to 
5 miles during the afternoon. Over 8 liters of water were transpired 



Fig. x;.— Wlriiisdiaeram of the electric circuits of the automatic transpiration scale. 


during the day, and it is of interest to note how closely this loss is con- 
fined to the daylight hours. 

The transpiration recorded on the three record sheets reproduced in 
figure 16 is plotted in rectangular coordinates in figure 18, showing for 
each pot of plants the transpiration rate in grams per hour for each hour 
of the day. It may be added that the pots used were equipped with 
sealed covers, so that the loss of water by direct evaporation from the 
soil was practically eliminated. 


SUMMARY 

This paper describes an automatic transpiration scale of 200 kgm. capac- 
ity and 5 gm. sensibihty, designed for use in connection with the large 
culture pots employed by the writers in water-requirement measurements, 
The apparatus is so constructed that the plants may be freely exposed to 
wind and weather. Steel balls are used as weights, as in Anderson's 
balance, each ball corresponding to a change in weight of 20 gm. A 
spring motor is provided to lift the beam positively when a ball is dropped, 
which is an essential feature when plants are exposed to wind. The 
apparatus works very satisfactorily except in the presence of whirlwinds 
or sudden gusts, which lift the plants and tend to give a transpiration 
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rate which is momentarily too high. Special provision is made to prevent 
two balls being delivered to the beam in rapid succession, and no record 

is made unless a ball is 

actually delivered to ^ \ 

the ball container on ^ ^ s -u 

the beam. Four of 
these automatic scales 
have been in use dur- 
ing the past four sum- “ 

mers at Akron, Colo., /so- 

and continuous records 
have been secured dur- ^ 
ing these periods. The ^ 
results of these meas- 
urements will be dis- _ 

cussed in other papers. 

A brief review is also —7 — V 

given of other forms of | _i ^ 

transpiration bal- .j / i 

ances, which are di- | ' \ 

vided into two classes ; 6 

Those operating on the J o — — — — — — J n — 1 '^ 

. u . • • 1 — — — — — r— I — — — — — r— 1 

step-by-step pnnaple, <5 . 

which includes the bal- ^ 

ances here described, ^.roa (— — j 

and those of the con- ^ ti 

tinuous-record type. ___ / \ 

The first class includes V — 

balances in which the *00 —j- 

adjustment is secured aoo J- 

by adding small ^gg i 

weights (solid or V j TH 

■ liquid) of equal mass \ 

or by moving a coun- — i— 1 — — — — — Li ~ .l - I -"*! r — 

terpoise in uniform ‘*'—Tf«nsP'ra<>on«r»ph5 corresponding to the three records 
steps In the second in figure I6, plotted in rectansular coordinates. 

class the plant is suspended from a spring, or from a variable lever, or 
is mounted (directly or indirectly) on a float. 


IVHE/ir 
•yULY /4’/S,l9fS 




Fig. 18. Transpiration graphs corresponding to the three records 
given in figure i6. plotted in rectanguiar coordinates. 
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PLATE IX 

pjg_ j — Four automatic balances in. operation at Akron, Colo., June 19, 19^^* 
tbe front of tbe box containing tbe mechanism open. The recording device is shown 
just beyond the first box. A separate recorder is used for each instrument. 

Fig, 2. — ^Automatic balances. Akron, Colo., July 24 , 1912; boxes closed and record- 
ers covered. Except when being adjusted, this is the condition in which the appa- 
ratus is maintained. 








PLATE X 


Fig. I.— Front of balance, cover removed, showing mechanism. The spiral glass 
ball container will be seen in the upper right-hand comer, the balls passing down 
through the ball dropper into the basket shown at the extreme right. The spring 
motor for raising the beam is shown at the upper left-hand side. The dashpot is seen 
below the weight carrier. 

Fig. 2.— General view of automatic balance with case removed. 

5772°-16 $ 



PLATE XI 


Fig. I. — Measuring tray used in counting total number of balls delivered to the 
container oa the balance arm during the 34-hour period. 

Fig. 3. — Another view of the measuring tray looking vertically downward on the 
tray, showing the 60* angle which the base makes with the graduated aide. This 
tray (xintains 255 balls, as will be seen by reference to the graduations. 
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PARASITISM OF COMANDRA UMBETTATA 


By Gborgb Grant Hedgcock, 
Pathologist, Investigatiotu in Forest Pathology, 
Bureau of Plant Industry 


One of the most important and most injurious of the stem or blister 
rusts occurring on pines is Peridermium Pyrijorme Peck, which attacks 
Finns (munayam) contorta Loud., P. panderosa Laws., and P. ponderosa 
scopidorum Engelm. in the western United States, P. dimricaia Du Mont 
de Cours. in the Northern States, and P. pungens Michx. and P. rigida Mill, 
in the Northwestern States. Peridermium pyrijorme is a hetercecious 
rust and is dependent for its existence upon its alternate, or summer, 
stage, which occurs on species of Comandra. 

The problem of the eradication of this important rust being so inti- 
mately associated with plants of Comandra spp. led the writer to investi- 
gate their manner of growth and means of propagation. It was found 
that the plants of at least two species, C. pallida A. DC. and C. umbellaia 
(L.) Nutt., have apparently become largely dependent on parasitism 
for their continued existence. The other two North American species, 
C. Uvida Richards, and C. richardsiana Femald, resemble the former 
species in appearance and habit and are probably equally parasitic in 
their nature. 

The writer has carefully examined the root system of living plants of 
both C. umbellaia and C. pallida, hut only of dried specimens of the other 
two species. The former have long underground rootstocks which bear 
here and there small roots or rootlets usually less than 5 inches in length. 
These rootlets branch sparsely and are nearly always attached to the 
roots or underground stems of other species of plants. At the point of 
attachment there is formed by the root of Comandra spp. a nearly hemi- 
spherical disk or holdfast. This holdfast is either superficial or slightly 
embedded in the cambium layer of tissues of the host, but does not send 
out haustoria, as is the case in species of Razoumofskya on the limbs 
and trunks of coniferous trees. The chief function of the roots of 
Comandra spp. appears to be that of attachment to host plants for the 
purpose of obtmning nourishment and a water supply. Plants of Coman- 
dra spp. frequent dry, rocky soils, which often have a low water content. 

Plants of all these species of Comandra bear leaves; and although 
attached as parasites to the roots of other plants, they are not entirely 
ependent upon their host plants for organic compounds, since they are 
able to further elaborate these compounds in the liquids received from 
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thdr hosts. In this respect their development is similar to that of 
plants of spedes of Phoradendron. 

Both C. umhdlata and C. pallida very commonly are assodated with 
and parasitic upon spedes of Vacdmum, but are not at all dependent 
upon this genus for host plants. This has espedally been noted in the 
case of C. pallida in the States of Colorado, Montana, Nebraska, South 
Dakota, and Wyoming, and in C. umbellata in the States of Con- 
necticut, Maryland, Michigan, Minnesota, New Jersey, New York, 
Pennsylvania, Vermont, Virginia, and Wisconsin, and the District of 
Columbia. Plants of both spedes are parasitic upon a great variety of 
plants belonging to widely different sections of the Spermatophyta. 
No attachment to plants of any member of the Pteridophyta has been 
noted. 

C. umbellata has been found by the writer as a parasite on the roots 
of the following spedes of plants in the Eastern States . 


Acer rubrum L. 

Achillea milUfolium L. 

Andropogon virginicus L. 

Angelica villosa (Walt.) B. S. P. 
Antennaria plantaginifoUa (L.) Richards. 
Aster ericoides L. 

Aster nuJCTOphyllus L. 

Aster patens Ait. 

Aster undulaius L. 

BapHsia tinctoria (Ir.) Br. 

Betula nigra L. 

Beiula populiJoUa Marsh. 

Car ex sp. 

Castariea deniata (Marsh.) Borkh. 
Ckimaphila umbellata (L.) Nutt. 
Ckrysopsis mariana (L-) Nutt. 

Comptonia peregrina (L.) Coulter. 
Danihonia compressa Austin. 

Fragaria amerkana (Porter) Britton. 
Fragaria virginiana Duchesne. 
Gaylussaciafrondosa (L.) T. and G. 
Hieracium 'venasum L. 
lonaciis linariifolius (L.) Greene. 
Lespedeza violacea (L.) Pers. 

Lysimackia quadrifolia L. 


Meibomia pankulata (L.) Kuntze. 
Pankum sp. 

Poa compressa L. 

Poa pratensis L. 

Populus iremuhides Michx. 

Poieniilla monspeliensis L. 

Quercus coccinea Muenchh . 

Quercus digitata (Marsh.) Sudw. 

Quercus marilandica Muenchh. 

Quercus nana (Wood) Britton. 

Rhus copallim L. 

Rosa blanda Ait. 

Rosa canina L. 

canadensis L. 

Rubus procumbens Muhl . 

, Rubus villostts Ait. 

Solidago bkolcr L. 

Solidago caesia L. 

Solidago juneea Ait. 

Solidago nemoralis Ait. 

Solidago speciosa Nutt. 

Spiraea salicifoHa D. 

Vaccinium airococcum (A. Gray) Heller. 
Vacdnium nigrum (Wood) Britton. 
Vaccinium vacillans Kahn. 


In addition to the foregoing and incomplete list there must be added 
at least three unidentified species of grasses. 

During the last three years a number of attempts, with varying suc- 
pess, have been made at Washington, D. C.. to grow plants of C. «■ 
bellala and C. pallida, both by germinating the seed and by transplanting 
rootstocks to beds and pots in greenhouses. In every case where liwng 
rootstocks unattached to host plants have been transplanted to pots at 
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beds without the host plants present, little or no 'growth on the part 
of the plants of Comandra spp. has taken place, and the plants eventually 
died. Successful results in growing these species have been accom- 
plished by only two methods; First, by transplanting sods containing 
the plants of Comandra spp. from out of doors to the greenhouse with- 
out breaking the attachments of the roots of the parasite to those of 
the host; second, by planting seed in flats in the fall out of doors and 
germinating them in the presence of the roots of host plants after ex- 
posing the seeds to freezing temperaturts by allowing the flats to remain 
out of doors all winter. 

Dr. E. P. Meinecke, of the Office of Forest Pathology, reports by letter 
that he has three plants of C. umbellata raised from seed sown in 1913, 
which remained dormant till 1915, when they germinated and grew 
without any host plant. These plants were 5 inches high on July 17, 
1915. This is positive proof that this species of Comandra can live 
without parasitism if necessary. It remains to be seen whether these 
plants will continue to grow indefinitely without the presence of host 
plants. 

The results from our experiments indicate that when the rootstocks 
of plants of Comandra spp. are broken entirely loose from their root 
attachment to host plants they usually die through an inability to re- 
attach themselves. These new data on a subject which apparently has 
not been previously investigated indicate a greater degree of parasitism 
in species of Comandra than has hitherto been suspected, and will render 
more obvious the desirability of the destruction of plants of Comandra 
spp. in the vicinity of forest-tree nurseries. 




SEPARATION OF SOIL PROTOZOA* 

By Nicholas Kopbloff, H. Clay Lint, and Daviji A. Colbman, 
ReseankFellem, TkeNew JerseyColtegefor the Benefit of Agriculture and Mechanic Arts 

Some interesting problems have been suggested by the contention of 
Russell and Hutchinson (9, 10)^ that protozoa are one of the limiting 
factors in soil fertility, because they feed upon and consequently limit 
the numbers of soil bacteria. Before the agricultural scientist can 
successfully formulate a complete explanation of the phenomena con- 
cerned with the function of protozoa in soils it is essential to establish 
certain fundamentals in methodology. Russell and Hutchinson (9, 10) 
and Cunningham (2, 3) have presented some valuable information con- 
cerning the depression of bacterial numbers as a result of inoculation 
with cultures of protozoa. The writers entered upon an investigation of 
a similar nature, with an attempt to base their work upon the use of 
protozoa-free cultures of bacteria, and bacteria free cultures of protozoa. 

But little mention is to be found in the literature regarding the separa- 
tion of the different kinds of protozoa from each other and from bacteria. 
Russell and Hutchinson (9, 10) and Fred (4) have employed an efficient 
method of filtration for obtaining cultures of protozoa, but they do not 
offer any further experimental data concerning such separations. Cun- 
ningham (2, 3) has made use of a single-drop method for obtaining 
protozoa-free cultures of bacteria, based on the transfer to a suitable 
medium of a drop from a protozoan culture which upon microscopic 
examination revealed no protozoa. On the other hand, he does not 
describe any direct method for obtaining a bacteria-free culture of 
protozoa. Jordan (5, p. 469) mentions a method which might prove 
somewhat tedious — that is, having protozoa pass through concentric 
rings of dead bacteria on a culture plate until they had no living adher- 
ing bacteria. He refers also to Frosch’s’ method of separation by 
means of a sodium-carbonate solution. Richter (8) suggests the use of 
a high-gelatin medium which would suppress the bacterial growth of 
liquefying organisms. Biffi and Razzeto (i) give an account of the 
passage of protozoa through semiperraeable filters after a considerable 
period of time has elapsed. 

The writers are in agreement with Biffi and Razzeto regarding the 
importance of the time element in filtration, since it has been observed 
that protozoa have been able to work through the pores of a filter in a 
short time. 

In the work under consideration — namely, the separation of flagellates 
from dilates — an 8-day-old culture of soil organisms was employed. 

‘ Prom the Departments of Soil Cbemistry and Bacteriology, New Experiment Station, New 

Brunswick, N.J. 

* Reference is made by number to *' literature cited.” p. i39-i4<x 
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This was prepared by adding _ioo gtn. of Penn day loam soil to i liter of 
a lo per cent hay infusion plus 0.5 per cent of egg albumin, which the 
writers had previously found to be best adapted to the large and rapid 
development of protozoa in such soil (6). 

The method of procedure was as follows : The numbers of protozoa in 
the stock culture solution were first counted by the new method described 
in a previous paper (6) and recorded under classes of (i) flagellates, 
(2) small dilates (12 to 20/i), and (3) large dilates (25 to 60^). No 
amoebse developed in the short period of incubation. Ten c. c. of the 
culture solution were then placed (by means of a sterile pipette) on filter 
paper, previously sterilized with alcohol, and allowed to filter through 
for one minute. The protozoan content of the filtrate was then recorded 
in triplicate and the filtrate incubated for five days at 22° C., in order 
to allow the excystment of any encysted forms. The filtration and 
incubation processes were then repeated, if necessary, until all the living 
protozoa of the desired type had been separated out. The filter paper 
was used in from one to five different thicknesses (Schleicher and Schiill’s 
No. 589). The results are recorded in Table I. 

Table I.~V«mJpcr 0/ protozoa per 10 c. c. of filtrate through varying thicknesses of 
filUr paper 


1 

Number of filter papers. j 

Sample 

No. 

Number of 
flas^llates. 

Niunbcr of 
small dilates, 

Number of 
large dilates, 

Toui. 

1 

I 

106, 250 

53, 125 

42. $00 

201,875 


2 

I27i 50® 

42, $00 


201, 875 

i 

3 

85,000 

21, 250 

81,875 

188, 125 

Average 


106, 250 

38, 938 

52,083 

197, 292 


i ^ 

63. 750 

S3, 125 

0 

116,875 


1 ^ 

63- 750 

31.875 

0 

95,625 


1 3 

74,375 

31,87s 

0 

106, 250 

Average 


87, 293 

38, 958 

0 

106, 246 



53. *25 

32,87s 

0 

85,000 



i ^ 

53, 125 

21,250 

0 

74,575 


1 3 

73, 750 

21,250 

0 

95, 250 

Average 


60,416 

24,742 

0 

85, 308 


f I 

S3. >25 

10, 625 

0 

63, 750 


1 2 

53. *25 

10,625 

0 

63,75“ 


1 3 

63. 750 

10,625 

0 

73, 750 

Average 


56, 666 

10, 625 

0 

67,083 


[ 1 

10, 625 

0 

0 

10, 625 


1 ^ 

10^625 

0 

0 

10, 625 


l 3 

10, 62 5 

0 

0 

10, 62s 

Average 


10, 625 

0 

0 

10, 625 


[ I 

[ None. 

None. 

None. 

None. 


1 3 

) 



. 



I ! 





1 





o Slock i>rotozoaD solution. 
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It will be observed from Table I that the large ciliates are not able to 
pass through the filter paper at all, whicli fact is in agreement with the 
experience of Russell and Hutchinson (9, 10). The noteworthy feature, 
however, is that the number of small ciliates decreases rapidly in increas- 
ing the thicknesses of the filter paper from two to four. Thus, with four 
thicknesses of filter paper all of the ciliates found in the solution em- 
ployed were separated from the flagellates, likewise it was a simple 
matter to separate the small from the large ciliates. In this way it 
becomes possible to employ mass cultures of flagellates, small ciliates, or 
large ciliates, as may be necessary in the problems indicated at the 
outset. 

In an effort to determine the effect of filtration on the separation of 
soil protozoa from bacteria, a bacterial count was made of the stock- 
culture solution previously employed, known to contain soil micro- 
organisms. Ten c. c. of this solution were then filtered through five 
thicknesses of sterilized (with alcohol) filter paper (S. & S. No. 589). 
The residue on the filter paper, consisting of all of the protozoa originally 
present, together with some adhering bacteria, was then plated out on 
Lipman and Brown’s (7, p. 132) synthetic agar. The bacterial count 
showed that 90 per cent of the bacteria had passed through the filter 
paper (after making due deduction for contamination from the air by 
exposing agar plates for the same length of time as was necessary for 
filtration), thus leaving the protozoan residue comparatively free from 
bacteria. 

This method in all probability would not allow complete separation of 
the protozoa from the bacteria. Consequently the work was not car- 
ried out any farther. However, this method, because of its rapidity and 
simplicity, might prove of value in investigations concerned with the effect 
of protozoa on mixed but not on pure cultures of bacteria. 

While these preliminary experiments do not warrant any definite 
conclusions, they are, nevertheless, indicative of some of the difficul- 
ties which the soil protozoologist encounters. 
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